TITLE OF THE INVENTION 

Semiconductor Laser Device and Optical Pickup Apparatus 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to semiconductor laser devices for use 
in optical pickup apparatuses utilizing laser light, and more particularly to 
a semiconductor laser device used in an optical pickup apparatus for CD 
(Compact Disc), CD-ROM (Read Only Memory), MD (Memory Disc), CD-R 
(Readable CD) or the like. 
Description of the Background Art 

Information is read out of an information recording medium like a 
CD by means of a mechanism as shown in Fig. 4 A. Laser light emitted 
from a semiconductor laser chip 122 is diffracted by a tracking beam 
generating diffraction grating 123 into a plurality of beams. The beams 
thus generated pass through an optical-path refracting diffraction grating 
(signal light diffraction grating) 124 from behind, and are collimated by a 
collimator lens 125. An objective 126 focuses the parallel beams on a disc 
127 having digital information written thereon, which disc reflects the 
beams. The reflected beams including the information written on disc 127 
therein follow the reverse course from objective 126 to collimator lens 125. 
They are then diffracted by signal light diffraction grating 124, and received 
by photodiodes D1-D5 constituting a light receiving portion 121. As shown 
in Fig. 4B, tracking beam generating diffraction grating 123 and signal light 
diffraction grating 124 are normally provided on lower and upper surfaces, 
respectively, of a hologram 120 being a transparent member. Signal light 
diffraction grating 124 is formed of two gratings: a fine grating 124a having 
diffraction grooves of smaller pitches and a coarse grating 124b having 
diffraction grooves of larger pitches. 

Light receiving portion 12 1 is formed of a plurality of photodiodes D 1, 
D2, D3, D4 and D5, as shown in Figs. 5A, 5B and 5C. A beam is adjusted 
such that it is focused right on a signal track of a CD or the like and that the 
reflected beam falls on a focused point where it achieves focus on the light 
receiving portion. Herein, deviation of the beam spot from this focused 



point is called a focus error. Fig. 5A shows a case where the focus error 
occurs as the light receiving portion is too far from hologram 120, so that 
signal strength Id2 at photodiode D2 is too strong. Fig. 5C shows a case 
where the focus error occurs because the light receiving portion is too close to 
hologram 120, so that signal strength Id3 at photodiode D3 is too strong. 
These photodiodes D2 and D3 constitute a pair of photodiodes for use in 
detecting a focus error signal, separated from each other by a parting portion 
interposed therebetween. Fig. 5B shows a focused state with no focus error, 
in which case the beam spot is formed right on the parting portion between 
focus error signal detecting photodiodes D2 and D3. Although this parting 
portion may be a zonal boundary having a prescribed width, it is herein 
called a parting line 105 for convenience. When the signal strength (I) at 
each photodiode is represented with the corresponding reference character 
added thereto, signal strengths of regenerative signal RF, focus error signal 
FES and tracking signal RES are expressed as follows: 

RF = Id2 + Id3 + Id4 

FES = Id2 - Id3 

RES=Idl-Id5. 

The reflected beam does not always form a spot on the focused point, 
due to a temperature change or other reasons. The focus error will be 
prevented if the beam spot moves, during the detection of the focus error 
signal, on light receiving portion 121 within the region of parting line 105. 
Since the focus error signal is obtained by Id2 - Id3 as described above, it 
remains zero as long as the beam spot moves within the region of parting 
line 105 between photodiodes D2 and D3, and no finite focus error signal 
will be generated. If there is a temperature change, howeveir, the beam 
spot 1 1 lc would move across photodiode D2 or D3, as shown in Fig. 6B, in 
which case the focus error signal would have a substantial absolute value. 
In order to suppress such a focus error due to the temperature change, it is 
necessary to maintain the focus error signal at zero despite the displacement 
of beam spot 1 1 lc. This can be done if the light receiving portion is 
arranged such that the beam spot moves within the parting line region 105 
in accordance with the temperature change. In the case where beam 111 is 



deflected to fall on either one of focus error signal detecting photodiodes D2 
and D3, the focus error signal FES takes a finite value, since FES = Id2 - Id3, 
so that the focus error is detected. 

A major factor causing such a focus error is a temperature change. 
In general, wavelength of the laser light emitted from a semiconductor laser 
chip changes in accordance with the temperature change. More specifically, 
the wavelength becomes longer as the temperature increases, and it becomes 
shorter as the temperature decreases. The configuration shown in Fig. 4A 
includes two diffraction gratings: tracking beam generating diffraction 
grating 123 and signal light diffraction grating 124. If the diffraction angle 
is represented as 9, the wavelength X and the diffraction grating pitch d, 
then sin 9 = X I d in these diffraction gratings. It means that, as the 
wavelength X changes, the diffraction angle 9 changes correspondingly. 
Even a slight change in temperature would alter the diffraction angle of the 
laser beam, which causes the beam spot to diverge on the light receiving 
portion, resulting in a focus error. A laser beam emitted from 
semiconductor laser chip 122 is diffracted twice before reaching light 
receiving portion 121, by tracking beam generating diffraction grating 123 
and signal light diffraction grating 124, and suffers the focus error due to 
the temperature change at each diffraction. Normally, tracking beam 
generating diffraction grating 123 and signal light diffraction grating 124 
are arranged such that their directions of diffraction are orthogonal to each 
other. 

Fig. 6A is a top plan view showing a two-dimensional arrangement 
of conventional light receiving portion 121 and hologram 120 of the optical 
pickup apparatus shown in Fig. 4A. The beams are aligned such that 
respective beam spots 11 la- 11 If are formed approximately at the center 
portions of corresponding photodiodes, except that beam spot 111c is formed 
on parting line 105 separating focus error signal detecting photodiodes D2 
and D3 from each other. Conventionally, parting line 105 has been 
arranged with a slope, on the order of 10 to 20 mrad, directed from the fine 
grating 124a side to the coarse grating 124b side as it becomes farther from 
hologram 120. Photodiode D4 has been arranged with a slope such that its 



long side extends in an opposite direction from that of the parting line, i.e., 
from the coarse grating 124b side toward the fine grating 124a side as the 
distance from hologram 120 increases. Fig. 7 shows measurements of the 
focus errors with respect to the temperature changes with this arrangement 
of Fig. 6A. It shows that the amount of the focus error increases in 
accordance with the temperature increase. 

The arrows in Fig. 6B show the directions in which respective beam 
spots would move in accordance with the temperature change. 
Conventionally, the light receiving portion itself has been arranged at a 
certain angle, as shown in Fig. 6C, to make the beam 111c move along 
parting line 105 when a temperature change occurs. This arrangement can 
restrict the focus error due to the temperature change. 

With this arrangement of the light receiving portion in Fig. 6C, 
however, some of the beam spots contributing to tracking error signal (RES) 
and others would deflect from the corresponding photodiodes due to the 
temperature change. For example, two beam spots 111a and llle will not 
fall on the corresponding photodiodes Dl and D5, respectively, thereby 
weakening the relevant signal. As such, there has been a strong demand 
for development of a semiconductor device and a pickup apparatus that can 
restrict a focus error due to a temperature change and prevent reduction in 
strength of respective signals. 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semiconductor laser 
device that can suppress, with simple means, a focus error due to a 
temperature change and prevent reduction of signal strength, and an optical 
pickup apparatus using the semiconductor laser device. 

The semiconductor laser device according to an aspect of the present 
invention includes: a semiconductor laser chip which emits a laser light; a 
tracking beam generating diffraction grating which diffracts the laser light 
to generate a tracking beam; and a signal light diffraction grating which 
diffracts a signal light that is the laser light reflected from an optical disc. 
The semiconductor laser device further includes a light receiving portion 
having a pair of focus error detecting photodiodes that extends as two strips 



with a parting portion or a zonal gap interposed therebetween and receives a 
focus error detecting beam among a plurality of beams diffracted by the 
signal light diffraction grating. In this semiconductor laser device, the 
light receiving portion is arranged such that, as seen in two dimensions, a 
longitudinal direction thereof is orthogonal to the direction of diffraction 
grooves of the signal light diffraction grating. The pair of focus error 
detecting photodiodes is arranged such that a spot of the focus error 
detecting beam on the light receiving portion moves, due to a temperature 
change, in a range substantially limited within a region of the parting 
portion. 

With such an arrangement, even if a temperature changes, the focus 
error detecting beam is received only within the gap forming the parting 
portion between the pair of photodiodes, whereby the focus error due to the 
temperature change is suppressed. In addition, the entire light receiving 
portion is arranged to extend orthogonal to the direction in which the 
diffraction grooves of the signal light diffraction grating extend. This 
ensures reception of the beams other than the focus error detecting beam, 
enabling sensitive reading of the corresponding signals. It should be noted 
that the temperature changes described herein refer to those attributable to 
changes in working environment, including seasonal changes. They do not 
include a temperature change of a large scale due to an accident or the like. 

The semiconductor laser device according to another aspect of the 
present invention includes: a semiconductor laser chip which emits a laser 
light; a tracking beam generating diffraction grating which diffracts the 
laser light to generate a tracking beam; and a signal light diffraction grating 
which diffracts a signal light being the laser light reflected from an optical 
disc. The signal light diffraction grating includes a first diffraction grating 
provided with diffraction grooves of a pitch and a second diffraction grating 
provided with diffraction grooves of another pitch that is smaller than the 
pitch of the diffraction grooves of the first diffraction grating. The 
diffraction grooves of the first and second diffraction gratings extend in a 
common direction, and the first and second diffraction gratings are arranged 
adjacent to each other with a portion interposed therebetween that extends 



• # 



in a direction orthogonal to the common direction of the diffraction grooves. 
The semiconductor laser device further includes a light receiving portion 
having a pair of focus error detecting photodiodes which extends as two 
strips with a zonal gap forming a parting portion interposed therebetween 
and receives, of a plurality of beams diffracted by the signal light diffraction 
grating, a focus error detecting beam diffracted by the second diffraction 
grating. The light receiving portion is arranged such that, as seen in two 
dimensions, a longitudinal direction thereof is orthogonal to the common 
direction of the diffraction grooves of the signal light diffraction grating. In 
this semiconductor laser device, the parting portion is sloped, as seen in two 
dimensions, from the first diffraction grating side toward the second 
diffraction grating side as it extends farther away from the signal line 
diffraction grating. 

The tracking beam generating diffraction grating and the signal 
light diffraction grating (for refracting an optical-path) are arranged 
orthogonal to each other as seen in two dimensions. The beam spot formed 
on the light receiving portion moves due to the temperature change, because 
the beam first suffers deviation in diffraction direction at the tracking beam 
generating diffraction grating, and after modulated by the objective or the 
like and reflected by the optical disc, it suffers deviation in diffraction 
direction again at the signal light diffraction grating. If the beam suffered 
the deviation in diffraction direction only at the signal light diffraction 
grating, the beam spot would deflect approximately parallel to the direction 
orthogonal to the diffraction grooves of the signal light diffraction grating. 
In practice, however, the beam suffers the deviation in diffraction direction 
also at the tracking beam generating diffraction grating, as described above. 
Thus, the beam spot moves along the direction at an angle with the direction 
orthogonal to the diffraction grooves. More specifically, the focus error 
detecting beam is diffracted by the fine grating (second diffraction grating) 
with diffraction grooves of small pitches, and forms a spot on the light 
receiving portion that moves, due to the temperature change, with a slope 
directed from the first diffraction grating side to the second diffraction 
grating side as the distance from the diffraction grating increases. Thus, 



by arranging the zonal gap of the parting portion with the identical slope, it 
becomes possible to restrict the focus error due to the temperature change 
only at the cost of a minimal space therefor. The parting portion as the 
boundary between the first and second diffraction gratings that intersects 
5 the common direction of the diffraction grooves is not limited to a straight or 
curved line; it may be a zonal region. 

In either aspect described above, the pair of focus error detecting 
photodiodes preferably has an outer shape in two dimensions of a 
parallelogram which has a long side parallel to the longitudinal direction of 
J« 10 the parting portion and a short side parallel to the direction of the 
y3 diffraction grooves of the signal light diffraction grating as seen in two 

^ dimensions. 

y* With such a structure, compact arrangement of the pair of focus 

^ error detecting photodiodes including the gap therebetween is enabled. 

J" 15 Since the area of the light receiving portion is reduced, the frequency 
^ 3 response characteristic is improved. 

pj Preferably, in either aspect described above, the light receiving 

fjl portion includes, besides the pair of focus error detecting photodiodes, other 

ff photodiodes that are arranged such that the longitudinal directions thereof 

20 are orthogonal to the direction of the diffraction grooves of the signal light 
diffraction grating as seen in two dimensions. 

The pattern of photodiodes whose longitudinal directions are 
orthogonal to the diffraction grooves of the signal light diffraction grating is 
easy to form, thereby facilitating the fabrication of the light receiving 
25 portion. The other photodiodes may include a regenerative signal detecting 
photodiode and a track signal detecting photodiode. 

Preferably, in either aspect described above, the plurality of beams 
diffracted by the signal light diffraction grating includes a track signal 
detecting beam, and the light receiving portion further includes a track 
30 signal detecting photodiode that receives the track signal detecting beam. 
The track signal detecting photodiode has its longitudinal direction 
orthogonal to the direction of the diffraction grooves of the signal light 
diffraction grating as seen in two dimensions. 



The pattern formation of the photodiodes is simplified by arranging 
the longitudinal direction of the track signal detecting photodiode 
orthogonal to the direction of the diffraction grooves of the signal light 
diffraction grating. 

Preferably, in either aspect described above, the plurality of beams 
diffracted by the signal light diffraction grating further include a 
regenerative signal detecting beam, and the light receiving portion further 
includes a regenerative signal detecting photodiode that receives the 
regenerative signal detecting beam. The regenerative signal detecting 
photodiode forms a parallelogram, in two dimensions, which has its long 
side sloped in a same direction as the long side of the focus error detecting 
photodiodes, and a short side in parallel with the direction of the diffraction 
grooves of the signal light diffraction grating. 

With such an arrangement, the area of the light receiving portion 
can be reduced, which contributes to downsizing of the entire device as well 
as improvement of the frequency response characteristic. 

Preferably, in either aspect described above, the pair of focus error 
detecting photodiodes and the regenerative signal detecting photodiode 
include respective regions in which respective spots formed by the focus 
error detecting beam and the regenerative signal detecting beam move in a 
working temperature range. 

With such a structure, reception of the signals is ensured despite the 
temperature change. If the photodiodes each have the smallest possible 
size, especially the shortest possible length in the longitudinal direction, 
that covers the range in which the corresponding spot moves within the 
working temperature range, then the light receiving portion can be formed 
compactly, contributing to downsizing of the entire device. 

The optical pickup apparatus according to the present invention 
optically reads information written on an optical disc employing the 
semiconductor laser device according to either one of the above-described 
aspects of the present invention. 

With such a structure, an optical pickup apparatus provided with a 
compact light receiving portion suppressing a focus error due to a 



temperature change can be obtained. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 
5 accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A shows an entire arrangement of optical elements of the 
semiconductor laser device according to an embodiment of the present 
^ invention, and Fig. IB shows, in perspective, a structure of the hologram in 

10 the semiconductor laser device of Fig. 1A. 

Fig. 2 is a top plan view showing the signal light diffraction grating 
jj and the light receiving portion of the semiconductor laser device shown in 

H Figs. 1A and IB. 

j^j Fig. 3 shows focus errors with respect to temperature changes in the 

* 15 case where the semiconductor laser device of the embodiment of the present 
jhj 5 invention is employed. 

ry Fig. 4A shows an entire arrangement of the optical elements of the 

^ conventional semiconductor laser device, and Fig. 4B shows, in perspective, 

P" the hologram in the semiconductor laser device of Fig. 4A. 

20 Figs. 5A-5C schematically show photodiodes in the light receiving 

portions and beam spots formed thereon, wherein Fig. 5 A shows a case 
where the light receiving portion is too far from the signal light diffraction 
grating, Fig. 5B shows a case where right focus is obtained, and Fig. 5C 
shows a case where the light receiving portion is too close to the signal light 
25 diffraction grating. 

Fig. 6A is a top plan view showing the signal light diffraction grating 
and the light receiving portion with the beam spots formed at normal 
positions in the prior art, Fig. 6B shows directions in which the beam spots 
in Fig. 6A move due to a temperature change, and Fig. 6C shows an 
30 arrangement of the light receiving portion conventionally employed to 
prevent a focus error due to the temperature change. 

Fig. 7 shows the focus errors with respect to temperature changes in 
the case of the light receiving portion arranged as shown in Fig. 6A. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present invention will be described 
with reference to the drawings. 

Figs. 1A and IB show an embodiment of the semiconductor laser 
device according to the present invention, which is identical to the 
conventional semiconductor laser device as shown in Figs. 4A and 4B except 
for the structure of the light receiving portion 21. A large focus error due to 
a temperature change occurs on the light receiving portion, because of a 
change in wavelength of the laser light emitted from semiconductor laser 
chip 22 in accordance with the temperature change, and because of 
deviations in diffraction directions of tracking beam generating diffraction 
grating 23 and signal light diffraction grating (or optical-path refracting 
diffraction grating) 24 in accordance with the change in wavelength of the 
laser light. 

Fig. 2 shows signal light diffraction grating 24 and light receiving 
portion 21 in two dimensions. Signal light diffraction grating 24 is formed 
of a fine grating 24a (a second diffraction grating) having a small diffraction 
groove pitch, and a coarse grating 24b (a first diffraction grating) having a 
large diffraction groove pitch. Light receiving portion 21 is provided with 
two tracking error detecting photodiodes Dl and D5, focus error detecting 
photodiodes D2 and D3 separated from each other by a parting fine (or a 
gap) 5, and a regenerative signal detecting photodiode D4. The light 
receiving portion is arranged such that its longitudinal direction is in 
parallel with an imaginary line A that is orthogonal to the diffraction 
grooves of signal fight diffraction grating 20. Here, imaginary line A can be 
considered to be orthogonal to the diffraction grooves of either the fine 
grating 24a or the coarse grating 24b, since the diffraction grooves of the two 
gratings 24a and 24b extend in a common direction. As the fight receiving 
portion receives the fight diffracted by the diffraction grating, it is natural 
that imaginary fine A macroscopically extends in almost the same direction 
as the diffraction direction. 

Referring to Fig. 2, the zonal gap (or parting fine) 5 has a slope 
upward to the right. More specifically, it has a slope directed from the 
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coarse grating (first grating) side to the fine grating (second grating) side as 
it extends farther from signal light diffraction grating 24 along the 
longitudinal direction of focus error detecting photodiodes D2 and D3. This 
slope corresponds to the slope of the locus that the beam spot follows when 
tracking beam generating diffraction grating 23 and signal fight diffraction 
grating 24 deflect the beam due to the change in wavelength attributable to 
the temperature change. By aligning parting line 5 as the zonal gap with 
the locus of the beam spot, it is possible to prevent the spot from deviating to 
either focus error detecting photodiode D2 or D3, and hence to suppress the 
focus error. Although this slope typically falls in a range between 10 mrad 
and 20 mrad, it may be larger or smaller than this range. 

Focus error detecting photodiodes D2 and D3 including gap 5 
therebetween form a parallelogram, with its short side being parallel to the 
short side of the outer shape of light receiving portion 2 1, and hence, 
orthogonal to imaginary line A. Such an arrangement as the parallelogram 
makes it possible to form focus error detecting pihotodiodes D2 and D3 of a 
short length, thereby enabling downsizing of the light receiving portion. If 
regenerative signal detecting photodiode D4 is made of a parallelogram 
having the same slope as the parallelogram of focus error detecting 
photodiodes D2 and D3, further downsizing of the light receiving portion is 
possible. Regenerative signal detecting photodiode D4 and focus error 
detecting photodiodes D2, D3 are each arranged such that it can cover, with 
a required minimum size especially in the longitudinal direction, the range 
in which the spot being formed by the corresponding beam would move in a 
working temperature range. Accordingly, despite the small sizes, they can 
reliably obtain the respective signals even if a temperature change occurs. 
Since the long sides of two tracking signal detecting photodiodes Dl and D5 
are parallel to the long side of the outer shape of the light receiving portion, 
pattern formation of the photodiodes is simple. 

Fig. 3 shows results of measurement of the focus errors with respect 
to temperature changes in the case where a semiconductor laser device 
having the light receiving portion as shown in Fig. 2 is employed. In Fig. 3, 
the focus errors due to the temperature changes are far less obvious than in 



the case of Fig. 7 where the conventional semiconductor laser device is used, 
and thus, it is appreciated that the temperature-dependent characteristic of 
the focus error is considerably improved. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms of the appended 
claims. 
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